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Abstract 

We consider the contributions of the extra gauge boson Z' to the like sign r production process 
e~7 —> e + ([i + )T~T~ , induced by the tree-level flavor changing interactions. Since these rare pro- 
,-C duction are far below the observable level in the Standard Model and other popular new physics 

q. models such as the minimal supersymmetric model, we find that Z' can give significant contri- 

D : 

butions to this process, and with reasonable values of the parameters in TC2 models, the cross 



section a can reach several tens of fb and may be detected at the cy collisions. 
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The mechanism of electroweak symmetry breaking (EWSB) remains the most prominent 
mystery in elementary particle physics. Probing EWSB will be one of the most impor- 
tant tasks in the future high energy colliders. Dynamical electroweak symmetry breaking 
(EWSB), such as technicolor (TC) theory [l|, is an attractive idea that it avoids the short- 
comings of triviality and unnaturalness arising from the elementary Higgs field. TC2 theory 
is an attractive scheme in which there is an explicit dynamical mechanism for breaking elec- 
troweak symmetry and generating the fermion masses including the heavy top quark mass. 
It is one of the important promising candidates for the mechanism of EWSB. 

In TC2 theory 2], EWSB is driven mainly by TC interactions, the extended technicolor 
(ETC) interactions give contributions to all ordinary quark and lepton masses including 
a very small portion of the top quark mass, namely m' t = em t with a model-dependent 
parameter e(e <C 1). The topcolor interactions also make small contributions to EWSB 
and give rise to the main part of the top quark mass m t — m' t = (1 — e)m t similar to the 
constituent masses of the light quarks in QCD. This means that the associated Z' is the 
physically observable objects. Thus Z' can be seen as the characteristic feature of TC2 
theory. Studying the possible signatures of Z' at future high energy colliders can be used to 
test TC2 theory and further probe the EWSB mechanism. 

The third generation is treated differently, which is the characteristic feature of the TC2 
theory. As the heavies lepton, the properties of the r lepton are distinctive -it may have 
larger tree-level flavor changing couplings, such as r-/j and r — e transformation. At 
the same time, there are many kinds of new physics scenarios predicting new particles, 
which can lead to significant LFC signals. For example, in the minimal supersymmetric 
standard model(SM), a large v^ — v T mixing leads to clear LFC signals in slepton and lepton 
collider J3|. The non-universal U(l) gauge bosons Z\ which are predicted by various specific 
models beyond the SM, can lead to the large tree-level flavor changing(FC) couplings. Thus, 
these new particles may have significant contributions to some LFC processes|4]. 

The international linear collider(ILC) offers excellent new opportunities for the study of 
high energy particle collisions. The idea to convert the electron beams of a ILC into photon 
beams, by laser backscattering, and thus create a photon collider, was first discussed almost 
30 years ago in[5|, and then studied sufficiently in the coming years [g]. With the luminosity 
and energy of such colliders being comparable to those of the basic e + e~ collider, one may 
now consider the process such as e~7 — > e + (fi + )r~T~ . 



eptonic flavor violations in the presence of an extra Z' has been studied in the 
7|. In this note, we calculate the contributions of the extra U(l) gauge boson 
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Z' to the flavor violating process e~7 — > e + (/i + )r _ r~ and see whether Z' can be detected 
via this process at high-energy linear ey collision experiments. We find that this process is 
important in probing the gauge boson Z'. With reasonable values of the parameters in TC2 
models, the signal rates can be fairly large, which may be detected at the ey colliders based 
on the ILC experiments. 

For TC2 models [2j, the underlying interactions, topcolor interactions, are non- universal 
and therefore do not posses a GIM mechanism. This is an essential feature of this kind of 
models due to the need to single out the top quark for condensation. This non-universal 
gauge interactions result in the FC coupling vertices when one writes the interactions in the 
quark mass eigenbasis. Thus the extra gauge boson predicted by this kind of models have 
large couplings to the third generation and can induce the FC couplings. 

The couplings of the extra U(l) gauge bosons Z' to the ordinary fermions can be written 
as [8|: 

C = --gi{K^(e L ^fi L + 2e R ^m) + K^rvfUL + 2f R ^/j R ) + k Te (f L ^e L + 2f R ^e R )} ■ Z'^ 

(1) 

where gi is the ordinary hypercharge gauge coupling constant and k^, k Te and k TfJb are 

the flavor mixing factors. Since the new gauge boson Z 1 couples preferentially to the third 

generation, the factor K^ are negligibly small, so in the following estimation, we will neglect 

the n — e mixing, and consider only the flavor changing coupling processes ey — > e(p)rr. 

Note that the difference between the Z'rp, and ZWe couplings lies only in the flavor 
mixing factor K Tfl and K Te and the masses of the final state \i and e leptons. Since the non- 
universal gauge boson Z 1 treats the fermions in the third generation differently from those 
in the first and second generations and treats the fermions in the first same as those in the 
second generation, so in the following calculation, we will assume K TfJL = K Te . Then what 
makes the discrepancy of the cross sections of the two channels ey — > err and ey —¥ Jitt is 
only the masses the final state particles. Considering the large mass of the Z 1 ', Mz> > ITeV, 
for simplicity, We will take m^ = m e = in the following discussion, i.e., assuming the cross 
sections of the two channels ey — > err and ey —} £ltt are equal to each other and take the 
former as an example in the following discussion. 



The TC2 parameters concerned in this process are K Te , K TI1 , K efl , K\ and the mass of 
the extra gauge boson M' z . K efl is very small, about 10 -3 , we will not consider the process 
induced by the coupling with it. In our calculation, we have assumed K TfJi = K Te = K rl 
(I = e, /x)|a |9|]. In fact, for the TC2 models, the extended gauge groups are broken at the 
TeV scale, which proposes that K T \ is an 0(1) free parameter. Its value can be generally 
constrained by the current experimental upper limits on the LFV processes U — > Ij'j and 
U —¥ Ijlkh- However, from the numerical results of Ref. 10], we can see that the LFV 
processes U — > ^7 and U — > Ijlkh can not give severe constraints on the mixing factor K T \. 
Thus, in our calculation, we choose K T i in the range of — 1, which is expected consistent 
with theoretically-allowed parameter regions and also with current experimental data. 

It has been shown that the vacuum tilting (the topcolor interactions only condense the top 
quark but not the bottom quark), the coupling constant K\ should satisfy certain constraint, 
i.e. K\ < 1 [ll|. We choose K\ = 0.2 since the K\ occures only in the decay width of Z' 
and affects the cross section slightly. 

The lower limits on the mass M' z of the new gauge boson Z' predicted by topcolor Z' 
scenario can be obtained via studying its effects on various observable, which has been ex- 
tensively studied|8]. For example, Ref.|l2| has shown that, to fit the electroweak precision 
measurement data, the Z' mass M' z must be larger than 1 TeV. The lower Z' bounds on M' y 



can also be obtained from dijet and dilepton production at the Tevatron Z' experiments 131 ]. 
or from BB mixing|14|. However, these bounds are significantly weaker than those from 



precisely electroweak data. Furthermore, Refs. 15] have shown that, for the coupling param 



eter K\ < 1, the Z' mass M' z can be explored up to several TeV at the ILC experiment with 
yS = 500 GeV and the integrated luminosity L int = 100 fb^ 1 . As numerical estimation, 
we will take M' z as a free parameter and assume that M z is in the range of ITeV - 2.5TeV 
throughout this paper. Finally, Note that the charge conjugate ff/j,(e) production channel 
are also included in our numerical study. 

The total decay width of the extra gauge boson Z' is dominated, since the topcolor 
scenarios treat the third generation differently, by the third generation, i.e., the ti, bb, tt 
and the v T v T channels, which can be approximately calculated as: 

_ 9i^L M > ( 5 1, KM , (2) 

z 4tt zy A 3 J z K ' 

Where the former factor in the bracket is from the lepton contribution, while the quarks 



give the latter result. 
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FIG. 1: Feynman diagrams contributing to the process cy —> e + (/i + )rr in TC2 models. 



The Feynman diagram for the Z' gauge boson contributions to the process e~7 —>• c + t~t~ 
is shown in Fig.l at the tree level, from which, we can see there involve, in each diagram, two 
LFV vertexes which are strongly depressed in the SM. With Eqn. Q], we can write directly 
the contribution of Z' to the amplitude of the process e~7 — > e + T~r~: 

M = -ieg 2 Kl fl [a 1 u T ^lv{PL + 2P R )v e2 • u T ^ v [P L + 2P R )(p el + p 7 )7 M « e e^ 
+ o- 2 u t x1v{Pl + 2P R )v e2 ■ «t,i7m(Pt,2 - p 7 h^L + 2P R )u e e fM 
+ a 3 u T! 2j„{PL + 2P R )p 7 7 At t» e2 ■ u t x1v(Pl + 2P R )u e e li 

+ CLaU t ,21ll{Pt,2 - P-y)l^Ve2 " U T tf v {P L + 2P R )u e 6 fl ] (3) 



The expressions ai, 02, 03 and a± in equation^] are given as, 
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( Pe +P 7 ) 2 (Pr2-Pe) 2 -M|,' 
1 1 

(Prl - P 7 ) 2 0r2 + Pe) 2 - M|, ' 
1 1 

(Pe ~ P 7 ) 2 (Prl - Pe) 2 - M|, ' 
1 1 

(>t2 - P 7 ) 2 (Prl - Pe) 2 - M\, ' 



(4) 



Where p e {Pe) denotes the momentum of the initial e (the final state e), p r \ and p T 2 denotes 
the momenta of the final two like-sign r particles and p 7 , the initial photon momentum; 
Pr,l — (1 =t 7 5 )/2 are the chiral operator. 

The hard photon beam of the e~7 colliders can be obtained from laser backscattering 
at the ILC [16]. We define that Vs and y/s are the center-of-mass energies of the e _ 7 
and e + e~ colliders, respectively. After calculating the cross section cr(s) for the subprocess 
e~7 — > e + (fi + )rT, the total cross section -y/s at the ILC experiments can be obtained by 
folding a(s) with the backscattered laser photon spectrum / 7 (x)(s = x 2 s) 

pSCrnax 

a = / dxa(s)f y (x). (5) 

J2m t /y r s 

The backscattered laser photon spectrum f-y(x) is given in Ref.[l6|]. Beyond a certain laser 
energy e + e~ pairs are produced, which significantly degrades the photon beam. This leads 
to a maximum ey centre of mass energy of ~ 0.91 x ^/i. 

In our calculation, we restrict the angles of the observed particles relative to the beam, 
9 e - and 9 e + to the range 10° < 9 e -, 6 e + < 170°. We further restrict the particle energy 
E e > 10 GeV. For simplicity, we have ignored the possible polarization for the electron and 
photon beams. To obtain numerical results, we take m T = 1.777 GeV, m M = 0.12 GeV and 



a e = 1/128 17]. For estimating the number of the e + rr event, we consider the e + e~ centre- 
of-mass energy a/s in the range of 300GeV-1500GeV appropriate to the TESLA/NLC/JLC 
high energy colliders and assume an integrated luminosity of L = 500 fb~ l . 

In Fig. 2, we show the cross section a of the process e~7 — > e + (/i + )r~T~ as a function of 
the mass of the Z' for three values of the center-of-mass energy ^/i. One can see that Z' can 
give significant contributions to the process e~7 —¥ e + rr, and the cross section a is sensitive 
to the parameter space. The Z' contribution increases with the increasing ^/i. 

The signature of ej — > e(p,)TT can be chosen as two like-sign leptons, one light antilepton, 
plus missing energy, i.e., fifil+ ft (£ — e, /i) with the two r leptons decaying into the like-sign 
\i leptons. The background is negligible though the signal is hurt by a factor about 1/36, 
the product of the leptonic decay branching ratios of the r lepton. 

From Fig. 2, we can see the optimum value of the cross section can reach several tens fb, so 
there could be hundreds of events after the signal depressed with the designated integrated 
luminosity above, i.e, L = 500/6 -1 , which may be detected in the future ILC experiments. 

To see the effect of flavor violating K T i on the a, we plot the sigma varying as K T i for 



three values of the M' z . We can see from Fig.3 that the cross section a is larger than 0.1/6 
for K T \ > 0.4. Increasing K T i, the maximum value can reach several fb. In this case, there 
are about several hundred like-sign tt production events to be generated in the future ILC 
experiments. Considering the rare clear background of the leptons production, we can still 
obtain several events even with small sample of the leptonic decay of the like-sign r leptons. 
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FIG. 2: The contribution from top-pion scalars 7rf the process e^f — > e + (fi + )rT in TC2 models. 
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FIG. 3: The dependence of the cross section a of the LFV process e"f — > Tre(p,) on the mixing 
parameter K rt for M z > = 1, 1.5, and 2.5 TeV with (a) yfs = 500 GeV, (b) y/s = 800 GeV. 



The TC2 models also predict the existence of the neutral state, top-pion boson 7r°, which 



can also induce the LFV processes with the couplings: 



m 



—K Ti T~f 5 liTl C t 



(6) 



Where v = vw/\/2 va YJAGeV, I — r, [i or e, Zj(i=l,2) is the first (second) generation lepton 
e(/i), and k T i is the flavor mixing factor between the third-and the first-or second- generation 
leptons. There certainly is also the FC scalar coupling 7r°yue. However, Similarly, the 
topcolor interactions only contact with the third-generation fermions, and thus, the flavor 
mixing between the first- and second-generation fermions is very small, which can be safely 
ignored. We can see from FigJH that the cross section a is smaller than 4 x 10~ 3 /6 for 
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FIG. 4: The contribution from top-pion scalars 7if the process e^f — > e + (fi + )rT in TC2 models. 



\fs > 500 GeV. The contribution of 7if is negligible, which is understandable from the LFV 
couplings in eqn|6] since the strengths are depressed by factor ^. 

Before ending the discussion, we want to point out that the like-sign r pair productions 
may be quite unique in probing the TC2 model at the ILC To enhance the like-sign r pair 
production rate to the accessible level at the ILC, the LFV r lepton couplings reZ' cannot 
be too small. The TC2 model predict sizable tree-level reZ' coupling and thus may enhance 
the like-sign r pair production rate to the accessible level at the ILC. In many other popular 
extensions of the SM, there are no tree-level r lepton LFV couplings and the couplings reef) 
( is any scalar field) or reV (V = j,Z,g or any new gauge boson) are induced at loop- 
level, which are usually too small to make the like-sign r pair productions observable at 

8 



the ILC. For example, the r lepton LFV couplings are induced at loop-level in the .R-parity 
violating MSSM 19]. Although they can be much larger than in the SM, we found that 
their contribution to the cross sections of cy — > e(p,)rT at the ILC is smaller than 10 -5 fb. 
The search for LFV processes is one of the most interesting possibilities to test the SM, 
with the potential for either discovering or putting stringent bounds on new physics. In the 
SM, there are no FC coupling at tree-level and at one-loop level they are GIM suppressed. 
In models beyond SM, however, new particles may appear and have significant contributions 
to the LFV processes. Therefore, the processes can give an ideal place to search the signals 
of the new particles. In this paper, we calculated the contributions of the gauge boson 
Z' to the LFV process e~7 — > e + (/i + )rr in the framework of TC2 models and discussed 
the possiblity of detecting this new particle in the future ILC experiments. Our numerical 
results show that the cross section a induced by the extra gauge boson Z' is in the range 
of the lCT 1 — 1 fb. In quite a large space of the parameters, the cross section a can reach 
servals fb. So it is possible to detect the signals of the extra gauge boson Z' via the process 
e~7 —?• e + (fi + )rT at the ey colliders based on the ILC experiments. 

Acknowledgement 

We would like to thank J. J. Cao, J. M. Yang and C. P. Yuan for helpful discussion. 



[1] S. Weinberg, Phys. Rev. £13(1976)974; £19(1997)1277; L. Susskind, ibid. £20(1979)2619; 
S. Dimopoulos and L. Susskind, Nucl. Phys. £155(1979)237; E. Eichten and K. Lane, Phys. 
Lett. £90(1980)125. 

[2] C. T. Hill, Phys. Lett. £345(1995)483; K. Lane and F. Eichten, Phy. Lett. £.352(1995)382; 
K. Lane, Phys. Lett. £433(1998)96; G. Cvetic, Rev. Mod. Phys. 71(1999)513. 

[3] N. V. Krasnikov, Phys. Lett. B 388, 783 (1996); JETP lett.65, 148 (1997); K. Agashe and 
M. Graesser, Phys. Rev. D 61, 075008 (2000); I. Hinchliffe and F. E. Paige, Phys. Rev. D 
63, 115006 (2001); N. Arkani-Hamed et al., Phys. Rev. Lett. 77, 1937 (1996); Nucl. Phys. B 
505, 3 (1997); J. Hisano et al., Phys. Rev. D 60, 055008 (1999); H. Baer et al., Phys. Rev. D 
63, 095008 (2001); D. Nomura, Phys. Rev. D 64, 075001 (2001); M. Guchait, J. Kalinowski 
and P. Roy, Euro. Phys. J. C 21, 163 (2001); W. Porod and W. Majerotto, Phys. Rev. D 66, 



015003 (2002). 
[4] E. Malkawi and C. P. Yuan, Phys. Rev. D 61, 015007 (2000); P. Langacker and M. Plumacher, 

Phys. Rev. D 62, 013006 (2000); B. Murakami, Phys. Rev. D 65, 055003 (2002); T. Rador, 

Phys. Rev. D 60, 095012 (1999); C. Yue, G. Liu and J. Li, Phys. Lett. B 496, 89 (2000). 
[5] I. F. Ginzburg, G. L. Kotkin, V. G. Serbo, and V. I. Telnov, Nucl. Instr. and Meth. 205, 

(1983) 47; I. F. Ginzburgetal., Nucl. Instr. and Meth. 219, (1984) 5; V. Telnov, Nucl. Instr. 

and Meth. A294, (1990) 72; V.Telnov, Nucl. Instr. and Meth. A355, (1995) 3. 
[6] see for example, B. Badeleketal..hep-ex/0108012, E. Boosetal, Nucl. Instrum. Meth. 



A472(2001)100;I.Bozovic-Jelisavcic, K. Moenig, J. Sekaric, |her>p h/0210308; J. E. Cieza Mon- 
talvo, O. J. P. Eboli, Phys. Rev. D 47, (1993) 837;H. Nadeau, D. London, Phys. Rev. D 47, 
(1993) 3742;K. Cheung, Phys. Rev. D 48, (1993) 1035; O. J. P. Eboli, M. C. Gonzalez-Garcia, 
S. F. Novaes, Nucl. Phys. B 411, (1994) 381;N. Lepor, B. Thorndyke, H. Nadeau, D. London, 
Phys. Rev. D 50, (1994) 2031;K. Cheung , S. Dawson , T. Han , G. Valencia, Phys. Rev. D 
51, (1995) 5;J. Cao, J. Wang, J. M. Yang, B-L Young, X. Zhang, Phys. Rev. D 58, (1998) 



094004;D. Choudhury, Mamta, Phys. Rev. D 74, (2006) 115019;A. De Roeck, |hep- ph/0311138 

R. Ciftci, A. K. Ciftci, S. Sultansoy, arXiv: 0902 .2 800. 
[7] see for example, Gautam Dutta, K. B. Vijaykumar, Anjan S. Joshipura, Phys. Rev. D 50, 

(1994) 2109; C. Yue, et al, Phys. Lett. B 536, (2002) 67; J.I. Liana, M. Masip, Phys. Rev. D 

67, (2003) 035004; T. G. Rizzo, Int. J. Mod. Phys. A13, (1998) 2245; Y. Zhang, Q. Wang, 

J. High Ener. Phys.bf 0907, (2009) 012; D. Berenstein, R. Martinez, F. Ochoa, S. Pinansky, 

Phys. Rev. D 79, (2009)095005. 
[8] G. Buchalla, G. Burdman, C. T. Hill, D. Kominis, Phys. Rev. D 53, 5185(1996); C. T. Hill 

and E. H. Simmons, Phys. Rep.ZSl, 235(2003); Erratum-ibid. 390, (2004) 553-554. 
[9] H.-J. He and C.-P Yuan, Phys. Rev. Lett. 83, 28 (1999); G. Burdman, Phys. Rev. Lett. 83, 

2888 (1999). 
[10] K. Abe et al. [Belle Collaboration], Phys. Rev. Lett. 92, 171802 (2004). C. Yue, Y. Zhang, L. 

Liu, Phys. Lett. B 547, 252(2002). 
[11] M. B. Popovic and E. H. Simmons, Phys. Rev. D 58, 095007 (1998). 
[12] R. S. Chivukula and E. H. Simmon, Phys. Rev. D 66, (2002)015006. 
[13] A. A. Andrianovetal., Phys. Rev. D 58, (1998) 075001; K. R. Lynchetal., Phys. Rev. D 63, 

(2001) 035006. 

10 



[14] E. H. Simmon, Phys. Lett. B 526, (2002) 365. 

[15] M. B. Popcvic and E. H. Simmons, Phys. Rev. D 58, (1998) 095007; G.Burdman and N. J. 

Evans, Phys. Rev. D 59, (1999) 115005; 
[16] G. Jikia, Nucl. Phys. 5374(1992)83; O. J. P. Eholi, et al., Phys. Rev. L>47(1993)1889; K. M. 

Cheuny, Phys. Rev. 1)47(1993)3750. 
[17] Paratical Data Group, Eur. Phys. J. C15(2000)l. 
[18] S. Godfrey, P. Kalyniak and N. RomanenKo, hep-ph/ 0108285] |hep-ph/0100191 



[19] J. Cao, L. Wu, J. Yang, Nucl. Phys. B 829, 370 (2010). 



11 



